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PARTIAL AGONISTS AT THE GLYCINE MODULATORY SITE OF THE 
NMDA RECEPTOR FOR TREATING COGNmVE DYSFUNCTION 

5 

GOVERNMENT RIGHTS IN THE INVENTION 

This invention was made with government support under grant MH 46531 
10 awarded by the National Institutes of Health. The government has certain rights in 
the invention. 

FIELD OF THE INVliJNTION 

15 

The present invention generally relates to the field of neurology and 
neuropharmacology and, more particularly, to the use of partial agonists at the glycine 
modulatory site of the NMDA receptor to treat cognitive dysfimction ui Parkinson's 
disease and in schizophrenia* 

20 

BACKGROUND OF THE INVENTION 



The potential role of glutamatergic drugs in the treatment of Parkinson's 
25 disease (PD) has received considerable interest m the last several years. The 
popular theory of basal ganglia circuitry proposes that basal ganglia ou^ut neurons 
in the internal segment of the globus pallidus (GPi) and the substantia nigra pars 
reticulata (SNr) are regulated in part by glutamatergic bputs from the subthalamic 
nucleus. (Albin RL, Young AB, Penny JB. The functional anatomy of basal 
30 ganglia disorders. Trends Neurosci 12:366-375. 1989). Overactivity of these 
subthalamic glutamatergic projections are believed to result in excessive inhibition 
of thalamic neurons that receive GPi and SNr inputs and underlies expression of 
parkinsonian motor signs. (Albin et al.» 1989). Based on this, it has been suggested 

1 
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that treatment with giutamate antagonist drugs might have beneficial anti-Parkinson 
actions. (Greenamyre JT, EUer RV, Zhang Z, Ovadia A, Kurian R» Gash DM. 
Antiparkinson efitets of remacemide hydrochloride, a giutamate antagonist, in 
5 rodent and primate modeb of Parkinson's disease. Am Neurol 35:655-661, 1994). 
Indeed, the non-competitive NMDA antagonist MK-801 has been shown to increase 
locomotion in dopamine-depleted rats (Klockgether Turski L. NMDA antagonists 
potentiate antiparkinsonian actions of L-dopa in monoamine-depleted rats. Am 
Neurol 28:539-546, 1990) and reverse neuroleptic-indoced catalepsy in rats 

10 (Schmidt WJ, Bubser M. Anticataleptic eflixts of die N-methyl-D-aspartate 
antagonist MK-801 in rats. Pharmacol Biochem Behav 32:621-623, 1989). In 
addition, stereotaxic administration of giutamate antagonists into the GPi or SNr 
ameliorated parkinsonian features in 1-metfayl, 4^henyl, l,2,3,6-tetrahydrq>yridine 
(MFrP>-treated monkeys* (Brotcfaie JM, Mitchell U, Samteook MA, Grossman 

15 AR* Alleviation of parkinsonism by antagonism of excitatory amino acid 
transmission in the medial segment of the globus pallktais in rat and primate. Afov 
Disord 6:133-138, 1991; Klockgedief T, Turski U Honoie T, Zhang ZM, Gash 
DM» Kurian R, Oie c namyi e JT. The AMPA receptor antagonist NBQX has 
antiparidnsonian effects in monoamine dqyleted rats and MFTP treated motikeys. 

20 Am Neurol 30:717-723» 1991). 

However^ several studies utilizing systemicalty administered NMDA 
antagonists to parkinsonian monkeys have not had the predicted and-Parkinson 
effect. Many snidies have shown diat administration of MK-801 to parkinsonian 
monkqrs eidier has no effect or exacerbates die parkinsonian features (Crosssman 

25 AR,PeggsDpB(vceS, LuquinMR,SambrookMA. Effect of die NMDA atagonist 
MK-80t on MFTP-induced parkinsonism in die monkey. Neuropharmocol 
11:1271-1273, 1989; Rupniak NMJ, DuchnowsU M, Tye SJ, Cook G, Iversen SD. 
Faihire of D-cycloserine to reverse cognidve disruption induced by scopolamine or 
phencycUdine in primates. Ufe Sd 50: 1959-1962, 1992). AdditionaUy, while some 

30 studies gi^im that giutamate antagonists potentiate levodopa responses in 
parkinsonian monkeys (Greenan^ et al., 1994), othen have shown antagonisnc 
ejects on levodopa and dopamine agonist-induced functional inqirovements. 
(Crosssman et ai., 1989; Rupniak NMJ, Boyce S, Steventon MI, Iversen SD, 

2 
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Marsden CD. Dystonia induced by combined treaiment with L-dopa axsd MK-801 in 
parldnsonian monkeys. Am Neurol 32:103-103, 1992; Domino EF, Sheng J. N- 
methyi-D*aspaxtate receptor antagonist and dopamine Dl and D2 agonist 

S interactions in l-methyl-4-phenyl-l,2,5»6*tetrahydropyridine-induced 
hemiparkinsonian monkeys. / PharmaaA £9 Ther 264:221-225, 1993). 

Although it is still unclear as to the therapeutic usefulness of NMDA 
antagonists in treating the motor dysfunctions of PD, there may be a role for 
stimulation of the NMDA receptor in treating some of the cognitive sequelae of PD. 

10 Several reports have suggested that positive modulation of the NMDA receptor 
might be useful for the treatment of various learning and memory impairments. 
Activation of the NMDA receptor leads to long-term potentiation (a mechanism of 
synaptic modification related to memory ftmnatioo and learning) (CoUingridge GL, 
Bliss TVP (1987) NMDA receptors*dieir role in long-term potendadoo. Trends 

IS Neurosd 10:288-293, 1987) and antagonism of NMDA receptors results in 
disn^tion of learning and mencMHy processes. (Bisdsoff C Tiedtke FI. Competitive 
and noiKompedtive NMDA reenter antagonists in spatial learning tasks. Eur J 
Pharmacol 213:269-273. 1992; Ogm Aigner TG. MK-801 impairs recognition 
memory in rhesus monkeys: comparison with cholinergic drugs. J Pharmacol Exp 

20 Ther 266:60^, 1993). While potentiating ghitamatergic neurotransmission at the 
NMDA recqicor might improve certain cognitive functions, it may also lead to 
exctttoxidQr and cell death* 

In die ptesem mvention, use of a partial agonist at the glycine modulatory 
site of di0 NMDA receptor can circumvent die problem of excitotoxiciqr while 

25 aUowing NMDA receptor activation. The glycine-B site on die NMD A receptor is a 
modnlaiofy site wherein glycine, ui die presence of ghnamate, aca synergisticaUy 
with ghtfamate to promote t*^^*^ opening and exdtaiory neurotransnussion. One 
such partial glycine agonist is die antibiotie D-cydoserine. Other such partial 
glycine agoiusts mdude D-serine and serine racemase, the enzyme that converts L- 

30 serine to D-serine, thereby promoting endogenous biosynthesis of a partial glycine 
agonist. 

As a partial agonist, ]>cycloserine, at low concentrations, acts as an agonist 
miniickingglycme'sefiiKts and stinmlating NMDA receptors. (Watson GB, 

3 
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Bolanowski MA, Baganoff MP, Dqypeler CL, Lanthom TH. O-cydoserine acts as 
a partial agonist at the glydne modulatory site of the NMDA receptor expressed 
Xenopus oocytes. Brain Res 510:158*160, 1990; Lanthom TH. d-Cycioserine: 

5 agonist turned antagonist. i4mmo Adds 6:247-260, 1994). At high concentrations, 
it can antagonize the effects of endogenous glycine, blocking excess stimulation. 
The present invention demonstrates activation of the glycine/NMDA receptor 
complex by D-cydoserine to improve cognitive deficits^ inctading those present in 
Paridnson's disease and in schizq)farema. As noted above, D-serine and serine 

10 racemasetnay also be used in the present isvendm. 

partial glycine agonists witli existing antHParirinsonian treatments (such as 
levodopa/carbidc^ and dopamine agonists) to treat Parkinson's disease: While 
existing treatments enhance motor functioning in Parkinson's padents, tbey do little 
15 to enhance cognitive functionmg and, in fiKt, may worsen cognitive functiomng. 
By combining the partial glyriiir agrrtiiitf <*yi€ft^ anri,Parirititnfiifln trwrnnimtm, 
motor a^ cognitive function in Parldnsoii's patients can be enhanced, thereby 
providing a better overall dierapeutic effect than widi either conq»und alone. 

20 

DEFINrnONS 

''Partial gfydne agonist* means D-serine, serine racemase, D-cycloserinc, or 
aiM^tfi^ ci \ ^m ^ mi ff^ that can act functionally like or mimic the acdon of a partial 
25 glydneagonisfc 

SUMMARY OP THE INVENTION 

30 Accordingly, it is an object of the present invention to provide a method of 

treating cognitive dysfimction in a ttiafmnai having Parkinson's disease, comprising 
aHwi^t%ig»iiY wi g a therapeutically effective amount of a partial glycine agonist to the 
glycine modulatory site of the NMDA receptor complex of said m a mma l. 

4 
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It is a further object of the present invention to provide a method of treating 

cognitive dysfuncdon in a mammal having Parkinson's disease, comprising 

administering a therapeutically effiective amount of a partial glycine agonist to the 
5 glycine modulatory site of the NMDA receptor complex of said mammal, wherein 

said partial glycine agonist is at least one of the group of D-cycloserine, D-serine, 

and serine racemase. 

It is anodier object of the present mvention to provide a mediod of treating 

cognitive dysfunction in a twawitwai having schizophrenia^ conqmsing administering a 
10 theiapeuticaily effective amount of a partial glycine agonist to the glycine modulatoxy 

site of the NMDA receptor complex of said mammal. 

It is a further object of die present invention to provide a method of treating 

cognitive dysfunction in a mamrwii having schizophrenia, comprising administering 

a therapeutically effective amount of a partial glycine agonist to the glycine 
IS modulatory site of the NMDA receptor complex of said mammal, wherein said 

partial glycine agonisi is at least one of die group of D-cydoserine* D-^erine, and 

serine racemase* 

It is anodierobject of die present inventicm to provide a mediod of treating 
cognitive dysfimction and motor dysfunction in a mammal having Parkinson's 
20 (iiiwusffy comprising administering a therapeutically effective amount of a partial 
glycine agonist to the glycine modulatory site of the NMDA receptor conq>lex of said 
TTiflfntntti in combination with at least one of the ffoop of levodopa/carbidopa and a 
dopamine ^g ^ n iifffi 

It is a fudher object of the present invention to provide a method of treating 
2S cogmticve dysfunction and motor dysfunction in a mammal having Parkinson's 
d \^famm^ e ti it ip i if i ng administering a therapeutically effective awMwnt of a partial 
glycine aj mwjit to the glycine modulatory site of the NMDA receptor conq^lex of 
said rnMrm%%i in combination with at least one of die group o f levodopa/carb idopa and 
a dopaniine agonist, wherem said partial glycine agonist is at least one of die group 
30 of D<ycloserine, D-serine, and serine racemase 



5 
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fig. 1. Effect of D-cycloserine on delayed response (A) and variable 
5 delayed response (B) performance in chronic low dose MFTP-treazed monkeys. A: 
Dose response data from D<ycloserine testing (100 to 1000 Atg/kg, i.m.)* 
performed approximately 30 min. after drug administration to monkeys with MPTP* 
induced cognitive deficits. Data (means ± SEM> are combined from 4 animals 
tested. Baseline (saline) data were derived from tesdng sessions performed on days 
10 prior to and after drug testing. MFTP exposure caused a significant performance 
deficit (saline) that was at least partially corrected by D-cycloserine. B: Best dose 
responses (i.e., the most facilitating dose of D-cydoserine for each animal) to D* 
cycloserine and corresponding non-drug baseline responses (saline) on the variable 
delay re^xmse task. Data (means ± SEM> are CQmbined from 4 animab tested. 
IS Chronic low dose MFTP-exposed mrakeys performed poorfy at all delays. D- 
cycloserine administratkm significantly improved performance at all but the longest 
deiiy. Black ban « peffofSuuBoe following saline administration; lightly shaded 
baia » best dose respcmse to D<ydoserine administratioQ. *p < 0*QS vs. 
corresponding saline control p er formance ; **lp < 0.01 vs. corresponding saline 

20 control p e ifoiman ce. 

Flf. 2. Efiea of high dose D-cycloserine and the NMD A antagonist NK 

on visual discrimination perfoimanoe in chronic low dose MFTP-treated monkeys. 
Visual dia aiminatte n perfbimance was not disrupted by MFTP exposure as 
evidensed by over 90% cotxect perfbrmance on saline control trials. In contrast, 
25 visual HWi^p S ff i i M ti ft it performance was signi&antty disnqited by high dose D* 
cycloserine (8,000 fig/kg) ^ ^ MK-801 adminisiration (10 - 32 Mg/kg) at doses 
that did not significantly impair motor functioning, '^^p < 0.01 vs. saline control 
perfbrmance. 
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Materials and Methods 

5 

It has been reported previously that monkeys administered low levels of the 
neurott>nn l-methyl-4-phenyi-U2,3,6-tetrahydropyridine (MFTP) exhibit a variety 
of cognitive deficits reminiscent of the cognitive dismrbances noted in PD patients 
(Schneider JS, Kovelowsid CJ. Chronic exposure to low doses of MPTP. I. 

10 Cognitive deficits in motor asymptomatic monkeys. Brain Res 519: 122-128, 1990; 
Schneider JS, Roeltgen DP. Delayed matching-to-samplCt object retrieval, and 
discrimination reversal deficits in chronic low dose MPTP-treated monkeys. Brain 
Res 615: 351-354, 1993). In addition, Matsuoka and Aigner (Matsuoka N, Aigner 
T& D-cylsoserine, a partial agonist ai die glycine site coupled to N-metl^l-D- 

15 aspartate receptors, inqiroves visual recognition memny in rhesus monkeys. / 
Pharmacol Exp Ther 278:891*197, 1996t; Matsuokn N, Aigner TG. The 
gtydne/NMDA recqMw antagonist HA«966 impairs visual recognition nwnory in 
rhesus monkeys. Brain Res 1996) haw shown an unportant role for NMDA 
channels m cognitive functioning in monkeys and particular^ in visual recognition 

20 memory. Therefore, the present invention demonstrates activation of the 
glycine/NMDA receptor complex by D-cydoserine to msfsmt cognitive deficits in 
low dose MFTP-treated monkeys. 



25 SuMem 

Four adult male cynomolgus monkeys {Macaca fasdcalaris) weighing 5.0- 
8.0 kg at the begmning of testing were used. AU animals had pritv behavioral 
testing experience and had stable cognitive deficits as a result of prior MFTP 
30 administratiQtt. These animals had previously been used in other pharmacological 
snidies (Schneider JS, Thiker JP, Van Velson M, Menzaghi F, Uoyd GK. Nicotinic 
acetylcholine receptor agonist SIB-1508Y improves cognitive functioning in chronic 
low dose MFTP-treated monkeys. / PAormaco/ £9^ 7?ter 290: In Press, 1999) but 
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had received no drug treatments for at least 6 mos. prior to the start of this study. 
This study was approved by the InstinitioDal Animal Care and Use Committee at 
Thomas Jefferson Universi^ and performed in accordance with the NIH Guide for 
S the Care and Use of Laboratory Animab. 



Behavioral Procedures 

10 Three of the four animals were tested in a modified Wisconsin Gercral Test 

Apparatus (WGTA) (Schneider and Kovelowsld. 1990); one animal performed 
computer autraiated tasks while seated in front of a touch sensitive computer 
monitor located in a darlrnirri sound-attenuated cubicle. All monkeys perf o r med a 
spatial delayed response (DR) task» a variable delayed response task (VDR) and a 

IS visual discriminatioa (VD) task* 

The monkeys diat performed in the WGTA sat in, a restraining chair situated 
in a sound-attenuating chamber with background masking noise, bdiind an opaqae 
screen diat when raised^ allowed access to a sliding tray. The trsqr contained 
recessed food weUs and identical sliding red Plexiglas covers that served as stimuhu 

20 plaques that couU be displaced by tht ammal to obtain rewards (raisins, dried firuit, 
marshmallows). Hie monkeys were trained to retrieve food from one of the wells 
after observing die experimenter bait a well. Right and left wells were baited in a 
balanced order. Each daily session consisted of 30 trials. For VDR testing, five 
d iffer e nt dehq^ lengths (2, 5, 10, 20 and 30 sees.) were randomly distributed in 

25 blocks of trials over die 40 trials that made up a daily testing session. For VD 
testing* monkeys were trained to di^KTiminpfy between two patterns (a cross and a 
horizontal bar) on odierwise identical Plexiglas covers. The position of die positive 
stimulus (cross) over the left or right food well varied pseudorandomly. The cover 
had to be displaced in order to retrieve reward from die recessed food well beneadi 

30 die cover. A test session consisted of 30 trials. Annuals were food deprived 
overnight prior to tesdng die next day. 

The monkey diat perftmned the computer automated tasks sat in a restraining 
chair situated in a sound*aQenuating chamber with background masking noise, and 



wo 01/12190 



PCT/USOO/22438 



fined a touch sensidve comimter screen with a lever lo The animal 

initiated a DR or VDR trial by holding down the lever fior one to diree seconds. 
This caused the cue, a filled white circle one inch m diameteTt to afypear on the right 

S or left side of the screen for two seconds. The cue was then extinguished for a 
delay period (five seconds for DR; 2* 5, 10, 20, and 30 sees, for VDR) and then 
identical left and right choice stimuli (filled red circles, one mch m diameter) were 
presented. The monkey was rewaxded with a firuit flaSvored drink from an automatic 
di^)enser if it touched the reqxmse li^ located on the same side as where the cue 

10 s peare d . Side of cue presentation was counter-balanced and leftMght rewards were 
distributed pseudorandoinly over die 30 triato (40 ttials for VDR) dial made up 
testing sessioiL This aninud was tested in the morning and fluid dqnived oveini^ 
prior to testing. 

The monkey p er for m e d the VD task usmg the same apparatus described 
15 above. The nvsnkey was presented with two sha^ on the oonqiuter screen: a cn)u 
and a horizontal bar, one presented on die ri^ side of the screen and die other 
presented on die left skle of the screes. The monkey w» trained to re^nd to (i.e., 
touch) the cross, regardless of position on die screen, to obtain juice reward. Each 
test session consisted of 30 trials* 

20 

Drug Testing 

Ammats initially received low doses of MPTP for periods of up to 178 days 
25 iwtfif stable cognitive deficits (consistent performance deficits of at least 15% on 
DR) were obsemd (Schneider et al., 1999). These animals had not received any 
MFTP for at least 9 months prior to die start of diis study. Drug effects were 
determined for D-cydoserine and (Research Biochemicals International, 

Natick, MA) at doses of 100, 320, 1,000, and 8,000 Mg/kg and 10, 20 or 32 fig/kg. 
30 respectively. Drugs were dissolved in sterile physiological saline just prior to use 
and administered by intramuscular injection approximately 30 min. prior to the start 
of the lest session. F^*"h dose was tested twice and doses were administered in 
random order. Control sessions were perfoimed following injection of saline 

9 
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vehicle. Salioe control sessions were performed on d^s before and after each drug 
sessioiL Drags were administered no more than twice per week* with at least 2-3 
days and a saline control session between drag test sessions. 

5 

Data Analysis 

All data were expressed as mean ± S.E.M.. Task performance on drag was 
10 compared with marched control (saline) performance. Animals served as their own 
controls and thus statistical analyses of the results from diffierent doses of D- 
cycloserine or MK-801 employed a repeated measures one w^ analysis of variance 
(ANOVA) followed by pairwise post hoe conqnrisons (Dunnett's multiple 
comparison test* two-tailed) of saline and drag performances. 

15 

Results 

As reported previously (Sdmeider et ai.» 1999)* the animals used in this 
study* similar to other chronic low dose MFTP-treated monkeys (Schneider and 
Kovelowski* 1990), developed stable deficits in DR and VDR performance but 
continued to perform die VD task abnost flawlessly. Also as previously reported 
(Schneider et at.* 1999) animals learned the automated and noceautomated tasks to 
sinnlar criterion levels and the tasks were disrupted to a similar degree by MPTP 
ejqposore and respoiided similarly to drug treatments. This suggested that although 
techmcally d ifBaeiu* the tasks were aiscssing the same cognitive domains. Thus, 
the data from q ^p^^^nwtM and non-automated testing were combined for analysis. 

D-cydoserine treatment caused dose dependent improvements in both OR 
zDd VDR performance. In the DR task* D<ycloserine tr eatment significamly 
altered task performance (F(3,73) - 11.26. p < 0.0001) witfi doses of 320 (t = 
6.73. p < 0.01) and 1,000 MgAcg (t » 3.76. p < 0.05) significamly improving task 
performance when compared to saline (Figure lA). Neidier the low (100 iig/kg) 
nor high (8.000 Mg/kg) doses of D-cydoserine had any effect on DR performance. 

10 



20 



23 



30 
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Delay analysis revealed no significant effect of delay (F(4,85) » 0.4U p » 
0.80) on VDR perfionnance in the MFTP-treated animals. However* there was a 
significant interaction of D<ycloserine treatment and delay (F (14»109) » S.13, p 

5 < 0.0001). At all delays, die 100 figfkg dose of l>cycloserine bad no effects on 
task performance. The 320 fig/kg dose significantly improved performance at 2, 5, 
and 20 sec. delays while the 1,000 fig/kg dose significantly improved performance 
at 2, and 10 see delays. None of die doses of D<ycloserine improved 
performance at the 30 sec delay. The effects of the best (most efficacious) dose of 

10 D-cycloserine vs. saline control perfimnance at die different delay lengths are 
shown in Figure IB. 

D<yclosenne treatment (100 to 1,000 ng/kg) had no efiiects on VD 
performance which waa not impaired by MFTP -exposure (Schneider and 
Kovelowsid, 1990; Schneider et al., 1999). However, a large dose of D-cydoserioe 

15 (8,000 MS/kg) significantty onpaired VD p er forma nce in all animab (figure 2), 
while causing neither improvement m itafaer disrupciim of DR or VDR 
performance. The NMDA recqKor blocker MK*801 (10 - 32 fig/kg) also had no 
effects on DR p er forman ce but caused a significant uqnirment m VD performance 
in all animals (FlgDre 2>« 

20 

Discussion 

The resuha of this study show that D-cycioserine* a partial agonist at the 
25 glycine reoognitioii site on the NMDA receptor complex, can significantly improve 
dm MFTP-indnced spadal short-term memory deficit in chronic low dose MFTP- 
treated monkeys. Since D-cydoserine hqiroved performance at both short (2 sec.) 
and long (20 sec.) delays, this drug may have effects on both attention as well as 
memory components of task performance. While a previous study showed that D- 
30 cycloserine could modulate cognitive function and significantly improve visual 
recognidott memory in normal monkeys (Matsuoka and Aigner, 1996a), this is the 
first snidy to demonstrate that D-cydoserine can insptoye cognitive functioning in 
monkeys with altered brain neurochemisiry, in this case induced by chronic MPTP 

11 
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adiniiustratioii* Although data firoin aon-huioao primaiies is lacking^ previous 
studies in rodents have shown enhanced memory (Sirvio J, Ekonsalo T, Riekkinen 
P, Lahtmen, Riekkinen P. I><ycloserine, a modulator of die N-methyl<*D- 
5 aspartate receptor, inqiroves spatial learning in rats treated widi muscarinic 
antagonist. Neurosd Lett 146:215-218. 1992; Hshkxn RJ» Ince ES* Carlezon, WA, 
Jr^DunnRW. D<ycloserinc aitrtmates scopolanme-indnced learning and memory 
deficits in rats. Behat^ neural Biot 59:130-157, 1993) and antagonism of 
scopolamine and lesion-induced memoiy deficits with D-cydoserine and have even 
10 fmpha^^f^ the mqxirtance of glycine receptors in short-tenn or working memory. 
(Ohno M, Yamamoto T, Watanabe S. Intrahippocampal administration of a glycine 
site antagonist impairs worldng memory^ per for mance of rats. Eur J Pharmacol 
253:183-187. 1994). 

Glycine t^ffa^nrp^ the activity of glutamaie at the NMD A recqytor and both 
15 g<ttfa«tti> and glycine binding are required for activation of the NMDA receptor- 
associated cation channel. Asapartialagonistattheglycineniodulatory siteof the 
NMDA recept», D-cydoserine can eidier augment or antagonize the efiixt of 
glycine depending upon endogenous glycine concentrations (Watson et al.» 1990). 
Thus, D-cydoserine effects on the NMDA receptor con^lex should be stimulatory 
20 when endogenous glycine concentrations are low and antagonistic in the pr esen c e of 
glycine excess. Assuming that the NMDA r e c e p to r complex is not saturate d by 
endogenous ligand,. D-cydoserine may enhaiKe function of cells without causing 
potentially detrimental overstinniiation as may occur with use of an NMDA agonist. 
The neurochemical deficits underlying the cognitive dysfunctions in chronic 
25 MFTP-tceated monkeys are complex and not conq>letdy understood. Chronic low 
dose MFTP administration resulted in decreased cortical norepinephrine levels 
atthough cortical dopamine levels were relatively intaa in many regions sampled 
(Schneider JS. Chronic exposure to low doses of MFTP. U. Neuroch e mical and 
pathological consequences in cogmtively^impaired^ motor asymptomatic monkeys. 
30 Brain Res 534: 2S-36» 1990). Bodi dopamine and norq)inephrine levels were 
decreased in the striatum, with the most significant decreases in the caudate nudeus 
(Schnekler, 1990). Since the greatest deficit was in striatal dopamine levels in these 
animab, we suggested that this striatal dopaminergic deficit might underlie the 
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cognitive distubasces in these animate although decreased norepinephrine levete in 
the frontal cortex and striatum were ateo likely contributing £actors to die attentional 
and memory problems observed in these monkeys (Schneider* 1990). Yet, recent 
S pharmacological studies have shown that dopamine replacement therapy (levodopa) 
was inefiiBCtive in substantially revening die cognitive deficits in dsese animate 
while treatment with neuronal nicotinic acetylcholine receptor (nAChR) agonists 
significantly improved perfinmance on a variety of cognitive tasks (Schneider JS, 
Van Velson M, Menzaghi F, Uoyd, GK. Treatment widi die nicotinic acetylcholine 
10 receptor agonist SIB-1508Y improves objea retrieval performance in MFTP-treated 
monkeys: (Tomparison with levodopft treatment Am Neurol 43: 311-317» 1998; 
Schneider et al., 1999). The cognitive deficits in chnmic low dose MFTP-treated 
monkeys and most likely in Parkinson's disease patients most likely arise from 
dysfunction of several cortical and subcortical ne ur otr ansmi tter systems and 
IS functional circuits, such thai L-dopn treatment alone cannot sufficiently nonnaUze 
behavior. The superior effects of nAChR agonists may be doe to the abiliQf of these 
drugs to release dopa min e from striatal^ limbic and frontal cortical sites, 
norepinephrine frtm hippocampal, dudamie and frontal cortical sites and 
acetylcholine frmn various cortical and subcortical sites (Menzaghi F, Sacaan AI, 
20 Rcid RT.Santori EM, CorrctLD, Adams P,WheteniCr,Rtebroug^ 

Schneider IS, Uoyd GK, C3iaracterization of SIB-1508Y, die active enantiomer of a 
novel nicodnic acetylcholine receptor (NA(3iR) agontet, SIB*1765F. Soc Neurosci 
Absar 2Zt 1523; 1996; Sacaan AI, Santori EM, Keegan M, Uoyd GK and Rao TS. 
Dopandne (DA) and norepinephrine (NE) release in die prefrontal cortex (PFQ are 
25 legfflaied by different uAChR subtypes. Soc Neurosd Abstr 23: 1200, 1997). 

The effiscis of D-cydoserine on cognition in chronic MFTP-treated monkeys 
may also be due to stimulation of neurotransmitter release and enhanced 
a variety of mter-telated cortical and subcortical systems. D<ycloserine may aa in 
part to inffffiMe cortical and striatal dopamine activi^ since activation of ^fMDA 
30 l e cep t ors rdeases dopamine and increases dc^Monine neuronal firing, particularly in 
prefrontal cortex (Kalivas et al., 1989; Ransom RW, Deschenes NL. glycine 
modulation of NMDA-evoked release of [3Hlacetylcholine and [3H]dopamine from 
rat striatal sUces. A^^urosdLcfl 96:323-328, 1989). Previ us studies have also 
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shown MMDA^indiiced release of ACh m strianim (Ransom and Deschenes, 1989) 
and medial septmn (Nishimura LM, Boegman RJ. N-metbyl-D-aspaitate^oked 
release of acetylctaoline form the medial sepmm/diagonal band of rat brain. 

5 Neurosd Lett 115: 2S9-264* 1990) and choUncrgic-gl mama t e r gi c imeractioos in 
cognitive fonccioit (Aigner TG. Fbaxmacology of memory: cholinergic- 
glutamatergic interactions. Cwrr Opin NemMtA 5:135-160, 1995; Matsooka and 
AigneTt 1996b). ThnSt as observed with nAChR agonists, effects of D-cydoserine 
on cognitive (fysfoncdon hi chronic MFTP-treated monkeys may be related to 

10 release of various neorotiansmhten at several cortical and subcortical sites, as well 
as non-specific effects of direct^ enhancing gtutamatergic neurotransmissioiL 

At reboively low doses, l>cycloserine can be expected to act as a glycine 
agonist but at high doses, can be expected to act as a glycme antagonist. This may 
explain why ma pievioaistnify(Ibqiniaketal., 1992) D-cydoserine (used at doses 

15 of 3 - 14 mg/kg) fiuled to reverse scopolamme or phencycUdme-indnced deficits in 
spatial delayed response p er f o rman oe. This may also es^lam the deficits induced in 
VD p er forma nce in our mrakeys widi high doses of I><ycloserine (8,000 Mg/l^ 
but not with low doses (10, 32 or 100 M^kg). Shnilar defidts in VD performance 
were caused by the NMDA receptor antigomstMK-SOt (10-32 Mg/kg^ BotbMK- 

20 801 and the gl^cme site antagonist HA-966 have previously been shown to disrupt 
visual recognitioa memory m monkeys^ (Matsuoka N, Aigner TG. Oiolinergic- 
glutamatergjc interactions in visual recognition memory of rhesus monkeys. 
NeuroRepan 7:56S568,1996c). The present findings demonstrate the importance 
of £hp^*f!'f^^g' *' neurotransmission for successful performance of our VD tasJc, a 

25 task not afiftcted by the primarily catecholaminergic lesion produced by chronic 
MPTP e xposur e :. 

In conglusion, the present firidimp demonstrate that a partial agonist at the 
glycine modulatory site of the NMDA receptor con^lex improves cognitive 
functioning in an early Parkinson modd in non-human primates and may improve at 
30 least some of the cognitive deficits associated widi human Parkinson's disease. 
Such pftiat agonists could also be used in combination with existing anti* 
Parkinsonian drugs to treat cognitive and motor dysfonction in a mammal with 
Parkixison*s disease. Additionally, such partial agonists could also be used to work 
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upon the giydoe modulatory site of the NMDA receptor complex and ixtprove 
cognitive function in subjects with schizoplirenia. 
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ICLAIM: 



1. A method of treating cognitive dysfunction in manunals having 

5 Parkinson's disease, comprising adnmistering a therapeutically effective amount of 
a partial glycine agonist to the glycine nxxfailatory site of die NMDA receptor 
conq)lex of said mammal. 

2. The mediod of Clahn 1, wherein said partial glycine agonist is at east 
10 one of the gro)q> of D-cycloserine« D* serine, and serine racemase. 



3. A method of treating cognitive dysfunction in mammals having 
schizophrenia, comprising administering a dierapentically effective amount of a 
partial glycine agonist to die glydoe modulaiOEy site of the NMDA receptor 
IS complex of said mammaL 

4^ The mediodofCIaim 3, ^^lerein said partial g^rcine agonic 
diegioupof D-Cyclosexinfl^D-saine and serine racemasflL 

20 5. A method of treating cognitive dysfunction and motor dysfunction m 

mflfwrnaig having Paridnsoa'a disease; compiising administering a thenpeudcaily 
effective amoum of a partial glycine agonisi to the glycine modulatory site of the 
NMDA r e c ept o r complex of said wittrntnai {q combination with at least one of the 
group of levodopa/carfaidope and a dopamine a^niisL 

2S 

& T1iemediodofClaim5» wherein said partial glydne agonist is one of 
the group of D-CycIoserine» D-serine and serine racemaseL 
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